The primary enlarged x-ray image is produced by a reduction of the fecalfilm-distance to 80 em at a given focal size of 0·15 mm. The advantages of this technique as compared to conventional x-ray methods are exc:l1plified with x-ray imagcs from the shoulder joint of a European hamster, a pseudoarthrosis in the foreleg of a beagle, and a rcnovasography of a rat. The principles of thc technique and its significance for investigations using small laboratory animals are discussed.
SUMMARY
The primary enlarged x-ray image is produced by a reduction of the fecalfilm-distance to 80 em at a given focal size of 0·15 mm. The advantages of this technique as compared to conventional x-ray methods are exc:l1plified with x-ray imagcs from the shoulder joint of a European hamster, a pseudoarthrosis in the foreleg of a beagle, and a rcnovasography of a rat. The principles of thc technique and its significance for investigations using small laboratory animals are discussed.
Due to the small size of the most commonly used experimental animals and to the need for optimal demonstration of even very minor structural alterations, common x-ray techniques have often been inadequate.
Secondary enlargement-reading the developed films with the aid of a magnifying glass-also enlarges areas of poor selectivity and the grain of the film, producing a considerable loss of detail. We therefore modified an apparatus to allow primary enlargement of an x-ray photograph with high definition to allow ready visual examination of fine detail.
MA TERIALS AND METHODS
All x-ray photographs were taken with a microphototube (C. H. F. MUlier, Hamburg, Zweigstelle Hannover, Hini.iberstrasse 8-9, FRG).
The technique normally used a focus-film distance (FFD) of 110 em, focal sizes]'2 and 0·] 5 mm; super rubin and universal foil, a magnification factor of I: 1,05, and exposures with or without scanning. The modified technique employed an FFD of 80 em, focal size of 0·15 mm, super rubin and universal foil, magnification factors of 1 :2,3 and 1 :2'5, and exposures without scanning. Fig. 2 demonstrates the conditions for exposures with this technique.
Male European hamsters, Sprague-Dawley rats and beagles were used in the development of the technique.
Rat renovasography was performed after retrograde injection of 2 ml contrast agent ('Angiographin';
Schering A.G., MUlIerstrasse 170-172, I Berlin 65, FRG) into the femoral artery (Eckel, Reznik, SchUller & Hilfrich, 1972) . X-ray exposures were made of rats and hamsters anaesthetised with hexobarbital sodium ('Evipan-Na';
Bayer A.G., 509 Leverkusen-Bayerwerk, FRG), 150 mg/kg bodyweight, given intraperi- 307 toneally.
The beagles were x-rayed during a traumatologic study on healing processes of experimentally induced pseudoarthrosis (to be reported elsewhere).
RESULTS AND DISCUSSION
The advantages of the primary magnification technique in working with laboratory animals were clearly demonstrated.
The 2 images of the hamster shoulder joint (Fig. 4) display the fine detail of the epiphyseal space and articular contours much better than the conventional x-ray image (Fig. 3) . Similarly the conventional image (Fig. 5) of an experimental1y induced pseudoarthrosis in a beagle does not al10w for the definite diagnosis of enostal callus Fig. 3 . Conventional x-ray photograph of hamster shoulder joint. The epiphyseal space cannot be detected and the articular con· tours appear as blurred lines, insufficient for definite diagnosis. Magnification factor 1 :1,05. x size of focus object-film-distance geometrical blurring~----------focus-o bject -distance development, whereas the magnified image ( Fig. 6 ) clearly demonstrates the absence of enostal callus. The renovasograph of a rat (Fig. 7) shows little more than the main renal vessel and the initial ramifications; the magnified image (Fig. 8 ) displays the very fine parts of the renal segmental arteries and their ramifications, as well as structural details of the vessels.
The primary magnification technique is a valuable extension of common x-ray techniques, producing a direct geometrical enlargement of the image. This was accomplished by reducing the object focus-distance at a given focusfilm-distance (Fig. 2) . Thus, the divergence of the beam produced a primary enlargement of the image. However, this can result in a well-focused image only if geometrical blurring is avoided.
The latter is characterised by the following equation: Fig. 5 . Conventional x-ray image of pseudoarthrosis of the radius of a beagle. Although the space of the pseudoarthrosis is clearly visible, its blurred contours do not allow for the diagnosis of an enostal callus development. Magnification factor 1: 1'05. Accordingly, the focus-abject-distance can only be reduced (and thus the object-film-distance increased) if the size of the focus be reduced. The focal size of 0,6-1,2 mm used in common x-ray techniques is too large and consequently causes considerable blurring, and only x-ray tubes with 'microfoci' (0'15-0, 3 mm) can produce optimal results.
In the field of neuroradiology, a similar magnification technique is successfully employed (Wende, Zieler & Nakayama, 1974) . According to Hacker (1970) , Wende & Schindler (1970) and Wende, Schindler, & Moritz (1971) , FREYSCHMIDT, REZNIK, REZNIK-SCHULLER, ECKEL AND RIPPEL Fig. 7 . Conventional reno\'asography of a rat. The main renal artery and only the initial parts of its ramification can be distinguished, Magnification factor 1:1 ,05. Fig. 8 . The same kidney as in Fig. 7 x-rayed with the modified magnification technique. This picture allows for better recognition of the renal segmental arteries and even finer ramifications.
Magnification factor 1 :2,3.
this technique affords a vascular resolution of a diameter as small as 40-] 50 J.lm (enlarging factor I: 1·7 to I :4), whereas in conventional x-rays the lower limit of resolution is a luminal width of about 250~tm. This magnification technique should be of particular value in the study of age-dependent skeletal alterations as well as for the early in-vivo detection of neoplasms of the bones and kidneys.
